The purpose of the study was to evaluate the 2-year outcome and predictive factors of treat-and-extend aflibercept in patients with eyes affected by typical neovascular age-related macula degenelation (t-AMD) or polypoidal choroidal vasculopathy (PCV), who were switched from ranibizumab.
Background
Age-related macular degeneration (AMD) is a leading cause of blindness in the elderly population. [1] [2] [3] [4] [5] Polypoidal choroidal vasculopathy (PCV) is a subtype of neovascular AMD commonly seen in Asians and thought to have distinct characteristics and treatment responses when compared to typical neovascular age-related macula degenelation (t-AMD). 6 Severe visual loss or blindness is caused by hemorrhage, atrophy, or exudative changes both in t-AMD and PCV. 7 Anti-vascular endothelial growth factor (anti-VEGF) agents with intravitreal injections have dramatically improved visual outcomes and reduced the incidence of legal blindness resulting from AMD. 5 It was reported that ranibizumab (Lucentis ® ; Novartis Pharma AG, Basel, Switzerland), an anti-VEGF drug approved for AMD treatment, was superior to all previously available treatments for AMD. 8, 9 However, a certain proportion of patients are refractory to this
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Azuma et al treatment or exhibit frequent recurrences. 10 Approximately 14% of patients with AMD treated with either ranibizumab or bevasizumab were identified as non-responders. 11, 12 Moreover, 2% of the patients with AMD developed tachyphylaxis during ranibizumab treatment, though the precise mechanism has not been demonstrated. 11, 12 Aflibercept (Eylea ® ; Regeneron Pharmaceuticals, Tarrytown, NY, USA) is one of the anti-VEGF agents that have a higher affinity to vascular endothelial growth factor (VEGF), a longer half-life, and the capability of inhibiting not only VEGF-A, which ranibizumab also inhibits, but also VEGF-B and placental growth factor. 13, 14 Therefore, switching to aflibercept has been considered a reasonable strategy in patients with AMD resistant to other anti-VEGF agents.
Regarding the treatment regimens, multiple clinical trials have demonstrated the beneficial effect of fixed-dosing anti-VEGF treatments. 9, [15] [16] [17] [18] In real-world practice, the majority of patients with AMD are given pro re nata or treatand-extend (TAE) regimens to reduce various physical and financial burdens on both the patients and physicians, [19] [20] [21] [22] and a TAE dosing regimen showed similar visual outcomes with less injection numbers compared to fixed-dosing regimens. 23 In patients with AMD refractory to ranibizumab or bevacizumab, switching to aflibercept has been reported to be effective in improving anatomical changes and in maintaining visual acuity (VA) in short-term studies, [19] [20] [21] [24] [25] [26] in particular, with the TAE regimen. 19, 26 However, these studies are the results of a relatively short follow-up period (4 months-1 year 19, [27] [28] [29] ; therefore, the outcome in a longer follow-up period is still unclear. This is clinically very important because a short follow-up period is often not long enough to conclude the patients' prognoses. Furthermore, patients with PCV show different responses to anti-VEGF treatments compared to the t-AMD patients. 30, 31 Although there were several investigations regarding the efficacy of switching to aflibercept for patients with PCV, 19, [27] [28] [29] these studies had small sample sizes and were treated with a fixeddosing procedure. Thus, the outcome of TAE aflibercept therapy for patients with PCV has not been investigated in detail.
In the present study, we measured the visual and anatomical outcomes of switching from ranibizumab to TAE aflibercept therapy for patients with t-AMD and PCV over 2 years. In addition, we analyzed the relationship between factors at the time point of aflibercept switch and the visual outcomes at 2 years.
Patients and methods
Ranibizumab treatment and switching to aflibercept
We retrospectively reviewed the charts of 73 patients with t-AMD and PCV who were switched from ranibizumab to aflibercept (2 mg/0.05 mL) from February 2013 to August 2014 at the outpatient clinic of Tokyo University Hospital. Seven patients were excluded because they were lost to follow-up until 2 years. Additionally, we excluded four patients who received cataract surgery during aflibercept therapy. Remaining 62 patients were included. Only one eye was investigated in each patient. All patients were switched from ranibizumab to aflibercept. The study was conducted in accordance with the tenets of the Declaration of Helsinki, and was approved by the institutional review board (IRB) of the University of Tokyo as a retrospective review of the patients' medical records. All data were fully anonymized before we accessed them. Written informed consent was not required by the IRB, but participants who did not grant authorization to use their medical records for the research were excluded from analyses. All patients provided written informed consent before treatment.
During ranibizumab administration, all patients were treated following the pro re nata protocol with monthly monitoring. Resistance to ranibizumab was defined as follows: after three consecutive monthly ranibizumab injections, the patients showed persistent subretinal fluid (SRF)/intraretinal fluid (IRF) on optical coherence tomography (OCT) examination or clinically recognized new hemorrhage. 32, 33 We excluded four patients who received cataract surgery during aflibercept therapy.
TAE aflibercept
After switching to aflibercept, all patients received three consecutive monthly injections. Then, aflibercept was administered in a TAE protocol. In the maintenance phase, if persistent or new hemorrhage was found on slit-lamp biomicroscopy, or a fluid was observed on OCT (IRF and/or SRF) at the time of injection, the treatment was continued at 4-week intervals. When these findings continued to be absent twice at the same interval, the next injection was extended by 2 weeks, with a maximal treatment interval of 12 weeks. When these findings of recurrence were observed at the time of any visit, the next injection was shortened by 2 weeks. If a dry macula was maintained two times at a certain interval, the next injection was extended by 2 weeks again. 32, 33 Minimum intervals for the injection were 4 weeks. 
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Two-year outcome of treat-and-extend aflibercept after ranibizumab Baseline and follow-up examinations All patients underwent a standard examination that included measurement of best-corrected visual acuity (BCVA), slitlamp biomicroscopy, funduscopy, and spectral domain OCT (Heidelberg Spectralis, Heidelberg, Germany) at each visit. BCVA was measured using the Landort C chart and was converted to the logarithm of minimal angle of resolution (LogMAR). OCT was used to measure central retinal thickness (CRT) and central choroidal thickness (CCT), and to assess the presence or absence of IRF or SRF. CRT was defined as the distance between the internal limiting membrane and the presumed retinal pigment epithelium (RPE) at the fovea. CCT was defined as the distance between the hyper-reflective line corresponding to the Bruch's membrane beneath the RPE and the inner surface of the sclera. CRT and CCT were measured by two independent investigators and the mean values were used for analyses. The fluid status was judged by two independent investigators in a blinded manner. If their judgments differed, they reexamined the data together to reach a consensus.
All patients underwent fluorescein angiography and indocyanine-green angiography (ICGA) at the time point of aflibercept switch unless contraindicated. Choroidal vascular hyperpermeability (CVH) was assessed using ICGA. Similar to previous reports, [34] [35] [36] [37] CVH was defined as the presence within the choroid of multifocal areas of hyperfluorescence with blurred margins identified in the late phase of ICGA. Two independent investigators judged the cases in a blinded manner. If their judgments differed, they reexamined the images together to reach a consensus. The diagnosis of PCV was mainly based on the angiographic findings at the time point of aflibercept switch, according to the previous reports; 28, 33, 38, 39 a PCV diagnosis was made if at least one subretinal focal hyperfluorescence was observed on ICGA. 38 The greatest linear dimension (GLD) at the time point of aflibercept switch was measured based on FA.
statistical analysis
The baseline (switched to aflibercept) characteristics were summarized and the difference between the PCV and t-AMD eyes was analyzed using the chi-squared test for categorical variables and Wilcoxon signed-rank test for continuous variables. The mean LogMAR VA, CRT, and CCT at baseline, 1 year, and 2 years were calculated. The change from the baseline was analyzed using repeated measures analysis of variance with Dunnett's post hoc test. Also, using all eyes, the relationship between the LogMAR VA at 2 years and the ten explanatory variables (age, sex, LogMAR VA at baseline, CRT at baseline, CCT at baseline, GLD at baseline, presence of SRF or IRF at baseline, history of photodynamic therapy [PDT] , and CVH at baseline) was calculated using a linear model. Then, the optimal linear model was calculated among all possible combinations of predictors: 2 10 patterns, based on the second-order bias-corrected Akaike Information Criterion (AICc) index (denotes optimal model). The AIC is a well-known statistical measure used in model selection, and the AICc is a corrected version of the AIC, which provides an accurate estimation when the sample size is finite. 40 The degrees of freedom in a multivariate regression model decreases with a large number of variables. It is, therefore, recommended that clinicians use the model selection method to improve the model fit by removing redundant variables. 41, 42 These processes were iterated only in PCV and t-AMD patients.
ethics approval and consent to participate
The study was in accordance with the tenets of the Declaration of Helsinki and was approved by the ethical committee of the coordinating center of the University of Tokyo. All data were fully anonymized before we accessed them. Written informed consent was not required by the IRB, but participants who did not grant authorization to use their medical records for the research were excluded from analyses. All patients provided written informed consent before treatment.
Results
We retrospectively reviewed 62 eyes of 62 patients with ranibizumab-resistant AMD (43 males and 19 females; age range, 58-91 years; mean age±SD, 74.9±6.7 years). No patients in the present study had both eyes treated. There were 40 cases with PCV and the remaining 22 cases were t-AMD (all were type 1 choroidal neovascularization [CNV] ). The baseline characteristics of the patients who switched to aflibercept are shown in Table 1 .
The visual and anatomical outcomes from baseline to 2 years in all patients (N=62) are shown in Table 2 . The outcomes in PCV patients (n=40) and t-AMD patients (n=22) are shown in Tables 3 and 4 , respectively. The P-value is calculated is always at the baseline. In all patients, the BCVA improved significantly at 1 year, while BCVA at 2 years was not significantly different from that at baseline (Table 2) 
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Azuma et al improved from baseline to 1 year, and there was no significant difference between BCVA at 2 years and baseline (Table 3 ). In t-AMD patients (n=22), BCVA at 1 year also significantly improved from that at baseline; however, BCVA at 2 years was significantly worse compared to that at baseline (Table 4 ). The CRT and CCT significantly decreased from baseline both at 1 and at 2 years in all (Table 2) , PCV (Table 3) , and t-AMD (Table 4) patients. Both CRT and CCT were unchanged at 1 and 2 years. Moreover, there was no statistical difference in the CRT or CCT between PCV and t-AMD patients. The dry macula rates in all, PCV, and t-AMD patients were 77%, 82%, and 64% at 1 year and 60%, 62%, and 55% at 2 years, respectively (Tables 2-4) .
The mean numbers of injections in PCV patients were 9.1±2.0 in the first year and 6.6±2.5 in the second year. In t-AMD patients, there were 9.8±1.8 injections in the first year and 7.7±2.6 in the second year. The PCV patients had significantly less injections at 2 years than the t-AMD patients (15.6±0.6 vs 17.5±0.9, P=0.042).
As shown in Table 5 , the optimal model for LogMAR at 2 years was 0.17+-0.13×PCV (yes)+0.64×baseline LogMAR VA+0.17×baseline IRF (yes) (AICc=-20.95). Thus, age, sex, CRT, CCT, GLD, SRF at baseline, number of previous ranibizumab treatments, days of previous ranibizumab treatment, history of PDT, and CVH at baseline were not included. Also, as shown in Table 5 , the optimal model for PCV was LogMAR at 2 years=0.033+0.60×LogMAR at baseline+0.25×IRF (yes) at baseline (AICc=-9.29). Thus, age, sex, CRT, CCT, GLD, SRF at baseline, number of previous ranibizumab treatment, days of previous ranibizumab treatment, history of PDT, and CVH at baseline were not included. As also shown in Table 5 , the optimal model for t-AMD was LogMAR at 2 years=0.17+0.77×LogMAR at baseline (AICc=-9.59). Thus age, sex, CRT, CCT, GLD, SRF, IRF at baseline, number of previous ranibizumab treatment, days of previous ranibizumab treatment, history of PDT, and CVH at baseline were not included.
Discussion
The present study demonstrated that 1) VA significantly improved at 1 year, but was similar to baseline at 2 years after switching to TEA aflibercept, although CRT significantly decreased at 3 months, 1 year, and 2 years after switching to aflibercept and 2) patients with PCV, the absence of IRF at 
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Two-year outcome of treat-and-extend aflibercept after ranibizumab baseline, and better VA at baseline were significant predictive factors for better VA at 2 years. There are some studies that evaluated the 1-year outcomes after switching to aflibercept for patients with refractory AMD and compared them to other anti-VEGF agents. 19, 20, 25, 43, 44 Some of the studies showed visual improvements, 19, 20, 44 but others failed to include this information. 21, 25, 43 The difference in treatment protocols may be one of the reasons for the different visual outcomes among the studies. 45, 46 The studies that showed visual improvements used a monthly dosing regimen or TAE regimen. However, a recent study reported the visual outcome in patients with t-AMD who were switched from ranibizumab or bevacizumab to aflibercept using a TAE regimen. The VA at 2 years was worse by 0.07 LogMAR than that at baseline. 32 The same results were obtained in the present study. Furthermore, we found that PCV patients have better visual prognosis. In previous studies with relatively small numbers of patients, visual outcomes at 1 year after switching to aflibercept were suggested to be more favorable in PCV patients than in t-AMD patients. 19, 28 To the best of our knowledge, there have been no reports that analyzed the difference in the treatment outcome between PCV and t-AMD patients in a longer-term follow-up than 1 year. In the present study, VA at 2 years in patients with t-AMD was worse than at baseline, while in those with PCV, VA was maintained at 2 years. Some studies 47, 48 that evaluated the effects of aflibercept therapy using TAE regimen on treatment-naïve AMD suggested fewer injections as compared to the present study. It was because of the difference in how the patients were selected. Since all the patients included in the present study were refractory to ranibizumab, their CNV should have higher activity that required more injections than that of treatment-naïve patients as a whole. Moreover, multivariate analyses showed that after adjusting patient demographic data, VA, or morphologic factors, PCV was a predictive factor for better VA at 2 years. Although some studies suggested that PCV patients may poorly respond to anti-VEGF therapy, 31, 49 other more recent studies revealed beneficial effects of ranibizumab or aflibercept in PCV. [50] [51] [52] [53] In the present study, the dry macula rate in patients with PCV tended to be better than those of the t-AMD patients at 3 months-2 years. These data indicated that switching to aflibercept might suppress the activity of the disease in patients with PCV more efficiently than in patients with t-AMD, leading to a more favorable visual outcome.
Considering that the response to anti-VEGF is different in each individual, it is essential to elucidate predictive factors of treatment outcomes. In previous reports, some baseline characteristics might have been predictive of the treatment outcome, 25, 53 but it still remains to be elucidated. In the present study, BCVA at baseline was associated with BCVA at 2 years, and was similar to the 2-year outcome of Table 3 Visual and anatomical outcomes in PCV patients at baseline, 1 year, and 2 years (PCV only: N=40) 
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Azuma et al aflibercept or ranibizumab therapy in patients with treatmentnaïve AMD. 18, 54, 55 Moreover, IRF at baseline was associated with BCVA at 2 years. The presence of IRF is a hallmark of more advanced or perhaps chronic disease, indicating possible irreversible neurosensory damage. 56 Indeed, the presence of IRF at baseline was associated with worse VA at 2 years in the Comparison of AMD Treatment Trial (CATT) study. 57 Similarly, the VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMD (VIEW 1 and VIEW 2) data suggested that eyes with baseline IRF had worse VA at week 52 than those without IRF. 18, 55 However, the significance of IRF as a biomarker in patients with PCV has not been reported. In the present study, IRF at baseline was still a predictor of poor visual prognosis when multivariate analyses were conducted in the subset of PCV patients.
The CCTs from 3 months to 2 years were significantly decreased compared to those at baseline in all patients. The results were consistent with the previous studies in patients treated with aflibercept for AMD. 36, [58] [59] [60] However, the effect of switching to aflibercept from ranibizumab on CCT remains unknown. The present study showed that the CCT was decreased between the period of baseline and at 3 months, even though repeated injection of ranibizumab had been administered before switching to aflibercept. This may have been because switching to aflibercept prevented the CNV and suppressed VEGF secretion due to CNV. This mechanism can be explained by the higher VEGF-binding affinity of aflibercept and its longer intravitreal half-life when compared with ranibizumab. 61 Additionally, VEGF is physiologically produced in the RPE-choroid to maintain the permeability of the choroidal vasculature. 62, 63 Because the binding affinity of aflibercept is higher than that of ranibizumab, aflibercept binding might block the physiological secretion of VEGF, leading to thinning of the choroidal vasculature.
59,62-64
Limitations
The current study has several limitations. This study was a retrospective study of a relatively small number of patients, which may have led to selection bias. Additionally, this was a single-armed study. The clinical data on the patients who had been treated otherwise were not available. Therefore, the benefit of switching was likely to be overestimated, because there might be patients who did not improve with three consecutive ranibizumab but could have responded with further frequent ranibizumab. Furthermore, there were seven patients who were switched but lost to follow-up until 2 years. Although our findings have potentially important clinical implications for patients with t-AMD and PCV who responded poorly to ranibizumab, randomized controlled trials are needed to verify our results.
Conclusion
This study investigated the 2-year visual and anatomical outcomes of intravitreal aflibercept using a TAE protocol in cases with t-AMD and PCV who responded poorly to ranibizumab. There was no statistically significant difference in VA between baseline and 2 years after switching to aflibercept, while anatomical responses were maintained. Multivariate analyses showed that PCV, better LogMAR VA at baseline, and IRF at baseline were predictive factors for better LogMAR VA at 2 years. This is the first report investigating the long-term outcome of the TAE regimen 
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Two-year outcome of treat-and-extend aflibercept after ranibizumab of aflibercept switched from ranibizumab in patients with t-AMD and PCV. Switching to TAE aflibercept could be an alternative treatment to expect anatomical improvement in patients with neovascular AMD who are refractory to the other anti-VEGF drugs. Several predictors of visual outcome shown in the present study should be of value when clinicians consider switching to TAE aflibercept.
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